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(54) DISPERSION COMPENSATING OPTICAL WAVEGUIDE RBER 

(57)Abstract: 

PURPOSE: To obtain an optical transmission link for all fibers 
which minimizes the attenuation of the fibers and limitations 
on the link length originating from all-color dispersion. 
CONSTITUTION: A dispersion compensating optical fiber 4 is 
adapted for combinational use with a conventional single- 
mode transmission fiber which is optimized for zero- 
dispersion operation within a wavelength range of 1 290- 
1330nm so as to form a transmission link 2 suitable for low- 
dispersion operation in a 1 520-1 565nm wavelength window. 
Those dispersion compensating optical fibers 4 give 
dispersion which is negatively larger than -20ps/nm-km and 
attenuation which is less than Idb/km in a wavelength area 
of 1 520-1 565nm. Some of the dispersion compensating fibers 
4 show even dispersion-to-wavelength relation having a 
negative gradient in the 1 520-1 565nm range. The dispersion 
compensating fibers 4 are coupled with a fiber amplifier 3 so 
as to form a compensator which overcomes attenuation 
introduced into a system. 
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:n./ciSJFf ^* L T V ^T . ^^W^r^ 1 520nni;^^ 1 565 

[ ff*^ 2 1 mm yr^ 1 290nm 

h 1565nm<^)ra<OieftC0«iiaF^-^ n ^^Sr W b"C ^/^/^ V ^fS 

[f«*:3S 3 ] ttj|S9T^(^2^«{c:J^tt 5 Huie >^ r 
%\^'tL%^<r> ;dS-40ps/nm-dB <t 19 /J v $ V > <t 9 ?i $ ttT U ^ 

IM*^ 4 ] ttj|Em^^oiSStc:fc tt ^ fitfia >^ r ^ ^<(D 
»L/cfcO;6S-i20ps/nm-dB<t ^9/^$v^J: 9J-JteStt-CVN 

[ft*3i 6 1 mmm^m^m*^ ^y y vmm\^ J: o r 
^mi(oyr-<^<o 

X^m^M^^T^^mX^X^^ . -On^Tf^. (a) 
f>ff^<OHiff^^*-r^4'*=^r®«. (b) mm^'yy 

*3J:I>* (c) mIIEF;f:£(7:»JS^4^<^mIlB^^:y K;^^ 

^^^tm±'t^:^[^\^^x z,(Dm^x^m\^x\^^^m 
(a) m'&<om^m^mir^^^^rm^. (b) tiiis 

■=e-h. (c) tMW.fm(omiSxmtm^9yyViS^y^ 
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^^Xf^ (d) fifriaiJ^ 7 5/ K:3tf 7 ;^OJBtfT^ J: i9{g:V>ffiSf 
c <^lilI/?^'C:ir«i L X V ^ ^ If 1 o >^ r 

1 1 1 Ao^jSK^j-fcSr^-f 6 ct 9 \^mm^ 

%m^^y ^<X^r>X. 1 520nm75^ h 1 565nm 

*T*<otelaF^<^B^^<^iKS^c^^v^T-20ps/nm-kln<t /J^ 
$ < ?i ^n. ;&*o1520nra2: ISeSnmi: (OfR<omU^^Wm 
^ kz^\'^:b^Winm^^U<DW'^mMm t -1 , 2ps/nm-k 

Wi^m%m^^yr^y<o 

[fs*^i 21 'h<omm^^Wi^^'r^^o\z,mm^ 

Sg:7T^-^^-CfcoT. ^5J'S5:;65 1 520nm;6> ^» 1 565nm 
*T*co®fflrt(DB^:^^^SS(-^oV^■r-20ps/nm-krnJ: ^9 /h 

^<ti:^fi. 75*o1520nra<b1565nmi:<7)raotft|EjKftffiffl 
*3 Jt ^ ft ^co¥^Mi^Sd c f :6S 

0 ^ Sdcf ^ 2Ddcf (Stf/Dtf) 

<^v^9SS^.^(^J:oT*^^tt. Ddcffim]l55>tScMft:7 
r^>"^<^^tfc^ Stf f*1290nmt1330nini:ora(^ffifflrt<^ 

— ^- Kfeil^ T ^ >'-<(7)1520nm<b 1565nm^ (OPb1(7)JSS® 
m 5 ^m(DW'^mm. Dt f *il 520nm i: 1 
565nm<h(75rBl<^®ffll^<^JSSt-^3(t-5Wf2a2|iO*-^ 
- Ke^:7r^y<(^^tfcTfc«9. ;6^oDdcf {^-20^ — 120p 
s/nm-km(7)ffiia fo ^ J: 5 t^:: ^ tLfc U^JIj - ^ 

<b \.f^^w^m^mm.^yr-(^<o 

[|»*«13] Dtfd5*^15ps/nm-km. 7'7;^^fc:(^-^ 
-Y':^>^5ps/nm-kmT•fcSJ:5{;:?fc$^^ytsfi*«l 2<oy 

30 T^^<o 

7fe»?^K:7r'Y^<r'feor. ^5>tJc;5n520niii75-^1565nm 
^T-<7)®iart<7)gff^(7)JSfitcioi/^r-20ps/nm-kmJ: «9 /J^ 
^ < ^c^^ti.. ;5^^ol520nmi:1565nmi:<Drp1(Dmj|ai^;S®IS 

*5 ft s ^mM^^AiSi(DW-^mmi 

0 ^ Sdcf. ^ 2Ddcf (Stf/Dtf) 

i:V^9r^#>^t;iioTSt;^^n. Ddcf t^Silia5J-i5c««^ 
T ^^t^^^^J-SS:. St f m290mt^230mt(Dm(Dm&\^(O 

— ^- r ^ /■^<Dl520nmi: 1565nm^ cDFpTOjSft® 

la ^ ^«C^?KS ft ^<^fW> Dt f (^1 520nm 1 1 565n 

[ft*^ 1 5 ] 1290nm^1330nm<!:(Ora<7)«Efflrtc7)JK:S: 

50 V^myr^^<(0'S:^(Dm2^;if<Dl\^T<r>;^^XhoX 
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3 

K • y r ^ ^"^(O^i^^^^ i: t.40km(7) 

8] l290nm^1330nm^c^PB^(7)«ifflrt<O&S 
(c^ott5{Si»'»lb^^^:rc4^)(cSig{k$nfcv'y ^ 

ffl^-frSr:ir#bT*3i9. fflj|S:7r-Y/<(^±5^tfcj6n520nm 
ib 1 565nm:^ T*<7)i5ia cOB^ ^<7)?^g I ^T-20ps/n^l 

(OW^t^. IdB/kmJ: »9/h$< . ;i)^otulE^tScffi«:7T>r 

2 1 J: ^ < /^v>J: 9 (;i/.£:^*xfc5>tS[Sr*i«$n 

[IS*3Sl 9] l290nmi:1330nmi:<7)raoteHF^co&S 

y^\z.\.fz.m'^^—'^- Y^'^yr>(^<(0'P'^^< i: t40km 

m'&it«::i:<iUT*5«9^ 1520nm^^^1656nm*-C(^iS*® 
Hf^tc^Dtt 5 ^»Mi6Sft^c^¥l^fS^^^0 ^ -1 . 2ps/nm 

t < ^cv>J: 5 tC7i^ttfc:^5^»Srli«$ttfc)teiliy ^- 
[|«3}^3g2 Ol 1290nm<!:1330nni<Jr(7)PB^<7)teiartcoKS 

YB.'^yy^^^<n>%\(0^^h. A(75*?K^5>SJc$:it'f 

7t#2KS&^r-f ^^ir^T^^a^'M-^-^J: «9 ^9 . 1520nm7J>>(b 
1 565nm * TtD i^Sffiffl 1^ OE?f jSS *5 S taiefiiS^ 
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oT. 152Onm;5^<bl565nm4*C(D<fiHp^cO0f:^OjKgt- 
V ^T A<^^fe5>«ScSr*i-6^i^«fc*i«7 r ^< t Brutes 

yt? m.^Mz.%yr^^<m^^^%^\^x^'0. ^(Oityr 

[»*:^2 3] Htj|S5i'tJc««:7r^^^<^g$;^5jS^30km 
<t «9 /J^ ^ I >ft*« 2 1 o^SfcttiX^o 

:7 r >r ^ r^l ^ :^ ^ ^ J- ± o r Bu 15^ t$c«« :7 r 
-r^<(cS^$ttri.^^!t*3S2 1 o5>s{cM{S§io 

If»*^l2 5] 1520nni;6^bl565nm^-CO«Bfflrtom^ 

:7 T >'<*il290nmd^ei330nm*T'C>telSrtoKet-*5{t 

56nm*T*Ofiilart^?:>B^T^c7)jgS^;l^i5V^T-•20ps/nm-kmj: 

(c|gl(OWDM:^7^^#^icJ:oTS^^nT4B«9. Sfl 
lEi/;^ 7" A (^1 290nni i: 1330nm i: <ora<OSES-T?l(jf^i-^ ^ 

2co5taf.^$ ^t-:ir{iL.r4b^i9 > r(^ll2(7:»3t2i{:imj|E 

^tLT*D*9. Stjiei^*q^tim2(^)WDM;^>^7^©t-J: 

m 2 (D%mKX.-^X^^^M:L{t^'^^\t^^^o liCtj: 
[0 0 0 1] 

i^mw^fi^mti:ox\^^^B'^v>^±x<Di&^igc. i&m 
50 (cffliN^n^^mt-F^i-^o 
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[0 0 0 2] 

35db/km-efo t) . ^ fcl550nm-Cfl*1]0. 2dB/kmTfo5o 
[0 0 0 3] «^±fflK-^^•:^hSrffiv^fc^>'r 

;^v'A755^iJfflT't ^i: pt^^cCoTV^^Sp <^Jx*i. Armlta 10 
ge. "Three- 1 eve I fiber laser amplifier: a theoretic 
a I model", APPLIED OPTICS. Vol. 27. No. 23. Dec. 
1 . 1 988. *5 J: r -C5 1 ffl ^ tiX\f ^ 5 S:»tSr $ tiVb 

[0 0 0 4] ft&os^^icy ^^ssjpifi. eiiiy>^:^^4r 

{zmSL^X±ir^i^^^Wc (total chromatic dispersi 

on) Xh^o :^9::^yr^y<mi&^^Xco^(Dm&i^'t 

p^y'juxh. 'r^x(oytm.<D&^mm:^^^WK.ii\^-'^- 

[0 0 0 5] mm6^^J:y>'ry':f ^ ><i^y'y^ ys^.'-^- 
U}i\.xm<^tt^X^^o :L(0^mm.\t\Z\^ rmX 
^^^^*L. 1550 nrntc^ol^r^lS ps/nm-km(Dfi:t;iig 
't^o Agrawal. NonI inear Fiber Optics . Academic Pr 
ess, Inc., Sand i ego, OA., 1989. p. 11. r<Oct9?i 
'^^(Oy 7 >( ^<X\'t. :»Sfi:;5SfJ(^^ir;fe^1310 nrnf+ac 
X^m^t^^i^ t^^^o ^f\^h <o%^(D yr^ ^-^f^ 1 310 

xm^'&x(Dm'^(ofz.^\:.m.m\L^^x\^^ i^xvx 

1310 nmT^cDilji>f(Dyci6{cftig|b$HTV>'5) ira 

[0 0 0 6] fiii:^. Ge02-Si02;^^;=^T'f'^^^n;rct*5l^ 
co^-^- K • :7r'Y^<{c:Jo{t^*/hSi^?^^fi1550 n 

(ciSHi-Sp ei^^^nSlOnm-Ctr^'^tJixS^^fcfi. :^2p 
(Dy^7-y:f ^ ^ >'7^>y ^ ^(il550nm{cioJt6S?fe*/HiI 
(7:^*^11. 75fS<7)i^g^;ft-r5o • >< V'-r'^y ^ 

7t :7 r ^ < Ji)^ UK W ^J-fJc ^ ^ 1 550nm :J6 6 

ii^TNi. ^%L<o^^tm'^±.(omi&^iM^t>h. y>^ 

[0 0 0 7] ^''^^^ N~^>'i^ • 50 
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(total performance) \t^Wh'^'&}i<r>Wi)5(r>^^X 
h^t^h. 1550nm(cjo(t^55^t$c^*/M5S(cjJi]^T. -^<7) 

;65/^$tT.TV>5o 5^»»»Sft«l<O§^|l?r1550nmffi« 
t;it^>' h-rsa-^to r^tfi:i^>^hj :7r-<''<Ktf ("dis 
pers ion-shifted" fiber designs) t^M^^fiX\i^^^ 
m7L\'i^ Cohen. Lin andFrench. ELECTRONICS LETTERS. * 
Vol. 15. No. 12, June 7. 1979 pp. 334-335 :Bhagava 
tula(7)*B«RF?F||4 7 1 5 6 7 9*; Salfi et al.. "T 
r iangular-prof i le single-mode fiber". OPTICS LETTE 
RS. Vol. 7. No. 1. January 1982. pp. 43-45: Ohashi 
et al. (D^m^f?^^ 7 5 5 0 2 2-^; Bhagavatula. " 
Dispersion-shifted and dispersion-flattened single 
-mode designs". Technical Digest, Conference on Op 
tical Fiber Communication, paper WFl. Feb. 26. 198 
6; ^oiTJ^Tanaka eta!.. "Low-Loss Dispersion Shifte 
d Fiber with Dual ShapeRef ractive index Profile". 
National Conference Record 1987, Semiconductor Dev 
ices and Materials. I.E. I.C.E. (1987), p. 2-2174: 

iS:^fti»Sr^ft:<^br*r:^tc {^\^^i&^(o^^t) ^yy 

[0 00 8] $ ibf-. 1300nmi: 1550nm(Oi^:fr<De3|^^*g 
T'^^Sfe^^M^rW-r^S^O ^^^yy'yY^ y 7 >( ^< 

("dispersion flattened" fibers) ^^^ft^ttTV^ 
5o 0iJx.fi±Sli LfcBhagavatula(0*|l#fF*3 J:t/-LIB 
:$:ifcOkamoto et a I. . "Dispersion Minimization in sin 
gle-mode fibers over a wide spectral range". ELECT 
RON ICS LETTERS. Vol. 15. No. 22. Oct. 25. 1979. p 
p. 729-731: Okamoto et al(7)*S#fFI|4 5 2 5 0 2 
7 ; Cohen et al. (D^m^W^^ 2116744-*;Co 
hen et al.. "Low-loss Quadruple-clad single-mode I 
ightguides with dispersion below 2 ps/km-nm over t 
he 1.28 Aim - 1 . 65 m mwave I ength range". ELECTRONICS 

LETTER. Vol. 18. No. 24. Nov. 25. 1982. pp. 1023- 
1024: Cohenet al., "Ultrabroadband single-mode fib 
ers". Technical Digest, Conference on Optical Fibe 
r Communication, paper MF4, Feb. 28. 1983: Cohen e 
t al.. "A systematic approach to fabricating sing I 
e-mode ! Ightguides". Proc. SPIE. Vol. 425 (1983), p 
p. 28-32: Sears et a!.. "Measurements of the axial 

uniformity of dispersion spectra in single/-mode 
fibers". Proc. SPIE. Vol. 425(1983). pp. 56-62: Ung 
ercD*S#rF^4 6 9 1 9 9 1-^; Francois. "Propagat 
ion Mechanisms in Quadruple-clad fibers: mode coup 
ling, dispersion and pure bend losses". ELECTRONIC 
S LETTERS. Vol. 19. No. 21. Oct. 13. 1983. pp. 885 
-886: :}o<ti;^Shigematsu et al . 3 - a >>/^^piRpff^ 
^110 2 8 3 7 4 8-^<Sr#RS$tL5tV\ 
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[0 0 0 91 m^t^cDXmfiK ^WiyyyVyr^^<Vt 

5o m^yi. Okamoto et al. (O^m^f^^^ 3 7 2 6 4 
7-§-joJ:r/Lazay et al. (D^m^^^^ 4 3 9 0 0 7-^ 

[0 0 10] ^^m<o^myy^yV'7r^^<WLftm^^0 
nm;^^ e> 1 550nm* T*(DfiSfflf^ <0 jfi:g(cio 1/ ^T^T* 
i5:Sr*T^o Bhagavatula et al.. "Segmented-core Si 
ngle-mode Fibers with Low Loss and Low Dispersio 
n". ELECTRONICS LETTERS. Vol. 19. No. 9. April 25. 

1983. pp. 317-318(75^1 3 (c:fi1300nm{;i*5tt^*?j-5ps/k 
m-nm;6 ^ ^ 1 550nm{c St ^ *^-2ps/km-nm* X-m\:-t 5 

8 5 2 9 6 8^'<Dm9mfS2 5 — 3 Otret-fS^StLT 

[0 0 1 l] Cohen et al., "Tailoring the shpaes of 
dispersion spectra to control bandwithds in sing I 
e-mode fiber ^ OPTICS LETTERS. Vol. 7. No. 4. Apr! 
I 1982. pp. 183-185(^=1 >b:'^ ^ L/- > 3 
XD r^://u . ^ ^ :y Kj yr^^< ("double-clad" fi 
bers) {z.^i'f^^^myyyhit\:im'r^h<DX;h^o m 

8 5 M(Dm 6 rmm^m^m^^mn^wcmiS^m^ *9 

^ ^ h ^nfc^fKi. 1450nmiSS«i*Sf:i4Btt^^« 
\z.W^\z.^<J:>mAh. r t7)^i«{c^ott6-40ps/km-nmct 
(9/jN$v>^fe5i't^Sr^UTV>5c Cohen et aL(7)*ll# 
fF^4 4 3 5 0 4 0-^1^^6181^4 5~5 4tT@t-ll6 

[0 0 12] rcOicS^(i1550nmM«(cggLT<t'9 v^9 

-^TjSS^i^fclfc^■^X'fci^^^^ 1550nmt;i*Dtt6f[t(l^ 
flcco>^^-/U(7)^flS^t*ttlll 6 (n>m&y^^-}^i^^h\^'ff\^ 

1310J: ^) /h$i>JK5t:i*5ft5^5^M^^T^ i: fd^-f 
>5 tc7:)-e^^;6^^. Z<DS:m{cm5S0nmmmiccmi.X it 

[0013] ±tfiCohen et al. 0"Tialoring "<t 

(mi ps/nm2-km) (1. ISIOnrntciiotj-^eilltcMbT* 

mo:>mn (-^ttfimoe ps/nm2-km) J: i9fi^7&^c::^t 
u^<^:l^9 r ^T^fcSo w(7:'lS:fto:7r-f'^^(i1550nmO^ 
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5 5o wt^^v-^ ^ u- h$ixyci:7r'i'^<ti#5'< <O^A-C 
1550nm^^-f >' K«> (JSj1520nm - 1565nm) {z^i-f^^Wc 

mmyr^^<t\^x\tmmx^fj:\^^xh^Oo mt-. 

:i(7) >^ T ^ < 1 SSOnmMi^ *D (t ^ )t L ?t V > -C fo 

>^<(C*)"t"5^>^ K ' =^iyi^&-^ (bend-edge wavelengt 

JO h) ;^)M520n^li:^9:^tI^-ig:V^T*fc5 9;6^^T•fc^o 

[0 0 1 4]ji2(c. ^mi&^<Dt^'r^-^j:mitxh^m 

mm^Jjmc. tSoTtS^RcOlSIOnm^i^y >'>^(Cjott5iE 
CO r#;ttv#5j v^^^u- ^^n/c:7r^^'^^»^^'r 
(||18 5Mx ^Hffl> ^1^) o 

[0 0 15] v'^i^\c^n^±&'^m^nm'rfzib(D^ 

rv^6o Kogelnick et al. co^Si|#1^^4 2 6 1 6 3 9 

5tAy^';tfe6o (:^fcLin. Kogelnick and Cphen. "Op 
tical-pulse equalization of low-dispersion transmi 
ssion in single-mode fibers in the 1.3-1.7^^ spec 
30 tral region". OPTICS LETTERS. Vol. 5. No. 11. Nove. 
1980. pp. 476-478$: t>#Ra$4x^cV\ ) Kogelnick(7) 
v->^7^AT-(i. &^yr^^«DA(O^WC7b^^ =^"7^-^ ' 
yT^^«DlE<D^mzX<>xnm$ix^o 2:^(oyr^ 

[0 0 16] Ji|E*H#fF^m4 2 6 1 6 3 9-^{c:iE« 
^^X\i^^m (^4ffl5ll2 6'-5 6tTS) X\t. 1560nm 
xmA^'^WL^ ^ir ^ 1 OOKm^i^ Z7r^y<^m\:^X^ 550nm 
(ciQi/>r5nm(?:>x-<>?' h/i-i|'I^^i-^m-^^fe^LT(- 
0.8ps/nm-km) (100km) (5nm) =-400psecco5J'tS:^^i:Ti^ 
40 1350nm^-^- K • :7r-<^^;6S^=^^>ri^* • :7t^ 
^<<t LTSIil$iXT:Ji3i9 . . ;0^ol550nm(cio{t^-tnc7:) 
^J-tJcfl^^Jieps/nm-kmT'fe^/i^ib. 5km(D^^(D^ =i y 4 
• :7T-r^'<;d5400psec(7)^tS:^^b. ;^^o^tb(c:J:o 

[0 0 17] ±|SLin. Kogelnick and Cohen(7)^cS^ (|g 
4 7 7M) TMl. ^:itc|S«^tLr<^iJlil510nm-t;^^^Sfc 
5 1 km:7 r i . 1 320nmT'^5^fSc^*-r 50. 76k 

/^(7):^^O^5>i$c*^c;:»^^5SM{^1420nm-ca!j^$ti5o 
50 [0018] ±15*S1#fF^II 4 2 6 1 6 3 9 ^(Dv^;^ 
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n. Kogelnick and Cohen(DS:aR(cS^$*xTV^§ <t 9 
■rfflR5$ti.^J:5(-^cf5o t*oT. Kogelnick(^#xi*- 

[0 0 19] l^i:il^^*'r^P1^C0i/;^-7'A;$5Larner 
and Bhagavatula, "Dispersion Reduction in Single- 
mode-fiber links". ELECTRONICS LETTERS, Vol. 21. N 
0. 24. Nov. 21. 1985. pp. 1171-72^c|5«^^^TV^ 

wCDv-;?^r'AT-f:±. ISlOnrnT-^^J-gc^^i-^lkmio 
J:tK2. 5kn(7);^2p(7)^— K • yr4^<7!)*^. 1550nmT' 
m^T^Wc^^ir^^mi^y ^ • yr^ ^<(OS0kmV :yi^{cH 

[0 0 2 0] ^m^nm^ 9 6 9 7 1 0^'a^h{Ci&(D 
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tly Modulated DFB Lasers in 10-Gb/s ASK. FSK. and 
DPSK Lightwave Systems". JOURNAL OF LIGHTWAVE TECH 
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mz.^m^m.\^^^^xm\^^^ :l tt^x^ ^ z.<Dm(oy r 
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(9) #P?B^6- 1 16 2 0 

fc^7 5/ K^2P¥-^- K- yr-(^<X\t[hf\^m^Bl;)s/ 
m-kmXh ^ (Dmtm^j: ^yr ^v<^tt jo J: m 55 
0niniSS^7^> K"? (1520nm-'1565nm) ^(^Sjfc^ea^ 

K- >'r-r^«^l9:fh^'^7 7«-^*5ctU51550 
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its LTJtge6<]^V ^«i^*ISr^-r 5 "f"*^ TM« 5 0 
'g•^r*v^5o 116. 8*5cfcr/8 A(Ciot-J-^5J'*mS'Jf^4» 
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40 (deposition and redraw process) 

fFl|4 4 8 6 2 1 2-^ioJ:t/|g5 0 6 7 9 7 5 -^«C|5« 
$^^T^/^^o r c^ii:S7mni(D>$r-^^{^Si02T*;d--^<-iJ^ 

(Dli^:^ ^ nr ^^*^7mmO <^ - >^ t $ 

tL/Co ^1<0:^-^^-^^-/ K • ^->'75SSr/|g2(DSi 
02^- heT*:^--^^-^ 7 :y K^tLTii:S58inmO><. - N 

50 :^mP[tf^^fitio z.<DML^^<o:ff'7 y^ni^trnW^fiX 
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[0 0 6 5] ^mmUi^. ^Olumt-hSOiim^X-mt't 
^yy^^^^^ {:^'7:^yr^^<0. D. ) itCMW^ti 

iK^mxh^o h-^^i-X\ 7r-r^<I.D. 7873-01 (80 
Mm CD.) 3. 1km:Joit/"7r^^<I.D. 7873-02 (107^111 W 

0. D. ) 3.3km7!}mi$^M^^Bl^^titCo 

[0 0 6 6] :7T-r^<LD. 7939-011 ;6=^ib-01 6* T'ftm 

y^y<^ ^^is J: O^S i 02 tt 5 40aS%OGe02 
m (ai5<^=iT/^^5/ KJtSr^-f^fca^Jt;!) idXWA 

^ttfco • >^-:xt;i85min(D>^- ha:S<h?i^^ ct ^ t;i 
Si02T*:^--/^-:^^^s/ K^ttTto rcoaiii^(7):7^y >^:^- 
fco 

[0 0 6 71 (4^J:r/=J-x-f>'i/) tcJ:oTe 

1, ^ :7 r ^ y<i:Jf^^'r 5 fiu fc . 7939-01 1 *5 X rJ-0^ S<Dfzib 

/<c^tLyho :i<D2km<DM^(oy7-(>^«Dm^J:^&^^ii' 
dio ^ti. 1 1 0 M m<Dm^X^t.-^ 7ps/niTi-k 

mii^s ^ LT85 m m(Dii:gT-|^-45ps/nm-kfn(?:>fi:;^5# ^tt 

r^^<i!)m3\t^tiito 7939-01 1(30. 7km) : -012 (7km): 
-013(15. 9km): -014(12. 7km) : -015(6. 7km): 

1 6 6km) Zivhe *0 yy^ ^^coS'J^ ^ ixfcit#ttJ^ 

[0 0 6 8] y'T-Y^^I.D. 7-8015-01 — 03\^^'-<D:t 40 
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mu-hm\^^f\>f:L'^^(oyr-(^<ii^^ii^. Bi 

tc. riT • :/y y^;^--A;5SSi02*T*40fiS%c7:)@^Ge02 
SS^^b. ;^^oSi02ft'T'8fifi%Ge02(Dg^?g*SrW 

i^x 7" :/ • i^y" y^y^^^^ TW^ ?r t o 
T-^^- K^'y^Jl{c^t^i^i^/cc ^^T • :/y 
tl.^^^^®±^;:^±a$tbyc:^^#/JrSi02<^»v^a. :joJ:r/ 
74mmco;^- hlSSS:*bTi/>fcio CO^T • >^y >^;*-- 

j>^t^'^^<Dm.mnmc x. o r ^ =3 y y •r'- 

h^tt. •?:UTSjS»^ttT:^S^57mm(D=3T • ^-^^ 

:bX.o\z.Z\(^X:t-^<-^y y K^ix/Co :iooS*^o>^ 
y :7:;^-A;«iSflJi7K$tt;0^ozi>'y y 7^- h ^tLT. ^91 
t{cJ:oT>^r>i'^< (#.2p03-7^^>'t/4rW-r^) <^ 

[0 0 6 9] :7r-Y^^I.D. 7-8015-01 013(^:1: ^ f^6. 

4km (-01). 11 km (-03). *5 J:t/22km(-02) T-fcofco rix 

[0 0 7 0] ^-V^m'r^yr^^<Wtn\'t^^(oyr 

::!!;-C*>ort<t < . -^(T^ii^tcji, Ge02 K- >^U/::v' 
[0 0 7 1] :Lihh<oy r ^ ^«o^:^WLt^y r ^ * 
"r^ ' Ty^h ' :/n >-i;^zrTEIA/TIA-455-168tC 

:inh(Dm-^n. '7^mmmyr^^«D2-:>(Di^m:imm 

y^Ty:^ • :/7='y ^- K • y r ^ ^«r>%.\^^ 

[0 0 7 2] v-;^7^Agtj 1 

40^-y>'^yi-AMt:*x;d- • "r^^^ ht?<7:>^tfi:M«"7r >r 
oox:^ h;j|5(g|9^l 2(c^^nTv^5J: 9 ?'^":y;^-7^ A{c 

[^3] 
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[0 0 7 3] ^3:fcctTJ^[l]9~l 2 {;I^^t^TV^^ J: 5 

yr^pi-y-rx (cnr) . is^2»c (cso) *5j:u5«^3»c 

tf- h (CTB) m^t^55,25:!liSXm2B.2B^:^^/i-'yxmi 
-^^iitzo ^ivb2^(Dm^mt'tirihmo^^>^^-/\^ 30 

[00 7 4] ^3 {Zio^-f^f^ 1 <07";:^ h {9-:^ h # 1 ) 

s§tc^-r^^-y^^-r y r>ct/w'x. csojo 

tB5H^ffl(;iJ:6^^{k:^M:^-r^yciis^)<7)S^^/cC^o 1310 
;^h#3) {zX^Gm^^'r::^htH<Dm^tltm^in 

fZo 

[0 0 7 5] m3<DT:^ h#2 mi 0#fiS) X\t. 40 
^u^-hyi^<D^^<ommm—'e-h*'yT^^< (Corn 
ing SMF-28. Corning Incorporated, Corning. N. Y. 14 
831) ^ l.X§:mmX0dBy<y - • u-</u^ 

nmir^xoii^-^m^mmm^^mm^tifzo r(D7^>^h 



12.8dB. ^ LT325. 25 p< ;5/-^/u:yr'24, 25dB^Mt:^n 

^m^±^^j:mitX^^. 50dBJ:*9^#v^:3f--^yT>tty 
-rXlt, -60dBJ:»P^g:V^CSOU'^>'^. *5<tTJ«-65dBJ: 19 

tev ^ c T B J: o T#1t-:5 ^ n 9 5 A® 6^ J^c^ A 

[0 0 7 6] *3(Ox:^># 3 (Ell) -Cti. 11.6^ 

u^^hJi^(Dj^wcmmyr'^^< {±^^i.tzyT^^<\.[). 

7939-016) ^>CSOm^^m2E-t^tzl^{Z.y'^hU2 
<Di^:^y'J>.{zmn^tlfz^ ttfigx-t^tClioT^^nT 

lE^tifZo S5.2B?^:^^/uyxn. n. QdB(Dmm^<D\ 
^.A6BfimlE;^tlfZo 325,25?^ :^^Ji-)yx\^^ 24. 2dB<^ 
mm^(D\5.5dB7bmiE:^th^ 8. 7dB;5S^iiE^i^3tV^4 

[0 0 7 7] r^O^«iE;65^^T-/^:^>ofci:V^9 r <btl*S 

[0 0 7 81 ^wcmmy7-cy<{zx^mommmity7 

^ y«DBm^^m:iyy h (DS) yr^^<\^X^Bmt 

irbg^-r^r ti^ws^T'fc^o ^3 0T-xh#4 (mi 

2#Bg) ^T<7>:7r-Y /<j5n550nmtcjott5i4Hg^ 

H>'r-<^'< (Corning SMF-DS) (O 
40^n>- h/UT'Sm^n/Co 1550nm-ei!)f^-rsM«* 
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[0 0 7 9] 7=Vu^T'«:^$tL^ct ^>SS:v/:7h:7 

ht^itg^uT. ^mmm.y r ^ ^M^^<m 

^L^o 55.25^::^^/^:y{c*5V>rf:i. SDO^^tt^J- 
ISP^-efeoyh;^!^ 325. 25>:;(f--^yi-:y <^V^9-ttl>J: >9igV^ 
S m-^^T^TdB <b V ^ 9 ^^fiiWrt f-ffiiE ^ nfco 325. 25 ^ 
\%fi:\i^t^. mfi^^-iJ:** r ^ ^^^7)5: ^ ;^i5^iEm-Cfo 
T ^ < CO ^ t <7) ra <^ ^ ^ 5/ ^ t - M ^ b T V > ^ <7) t 
[0 0 8 0] :i(7)m'g^(Ct. wC7)«jE;65^^-e^^7?)-ofc 

0 (cKjf^ii'T. 1320nmei|^ y >'i7 ^ii CTIBSOnmfD AM 
CO :i CO c s o^MkSr^±*-«iE'r ^ "Cfo^ ^ 

[0 0 8 2] ->;^-rAgij2 

I.D. Nos. 7-8015-^1 03 (-g^ff-T'SQ. 4km) J:«9?t5 

t>c?:>T*^ '9 . ^tt(t1550nmjC:}oV^T-65. Sps/nm-kmO^J^ 
«^M^Lfc;6^ cni^^^co^-^- K • yr^^^o:> 

^y<(7)>^-<i5^ h/U®^;5^IEll StC^^iaTV^-So ISSOnm 
tc:fc{t^ii^t*0. 48dB/kmT*fco/co r tO^^^fJcMfS^' r 

[0 0 8 3] m^m{^m^n\^xmM{\:.^MzMm<D'^ 

[0 0 8 4] ^7^mmmitm^i^r-^W}6^^j:&,&x*^^^- 
. u^Mzx-z>x<D^mm^ti^. mm^tix\^^^mm 



(14) ^mw-e-i 16 2 0 

T'f^s Hi 4(^7J^^^^TV^5<t 6. 4kmco^Sfc|i{t 
:7 T ^^60^ "9 <^33kmti y O^m^SgBdiBM ^ n 

fco ii^ftiffla5(cjo»t50FA# ifi. mtiy<y-m\6B 

ev-i/ (backward-pumped) tttl^T^fcofco 3^2S1310n 
mSiSfl:*-^- K • :7T-f • y ^-iJ^tiS^dnSOkmT* 
fct) . 1550nmtc:4oV^T*^2500ps/kraC03:.>' K • y- • m 
10 V-K^Si:. :fc^J:t/33dB(7:)?S*a^^#ofCo OFA#2 
^:i980nmIIll:^fp]7}e:/e>-^/ (forward-pumped) 'oo25dB^iJ 

mmm^xh^. ^<Dm^^.2nm^mtfty^^i-^^*>s^m 

tititCo OFA# 3(^+1 3dBinOffifPtii;^>''?!7-Sr*L. 

31dB(DfiJt#5r*-f 5 2 oO980nmi3?:Srf^;jf >t:-V>/i^{tii 

Sr*fo<9. •tcD^{c:3nm^lg^:7^/i.^;6SSfiM^nfcio 
OFA# 3{;iJ:6y><X^^$:^i^-r^fci6(c. smSS 

^tlt-ctoTOF A# 3^DA;^^C*D^t6>'<*7- • 

[0 0 8 51 0. 5nm(D>^^^ h/l-itil (-20dBmT'S'J^ L 
T) «r^-r5l$l-/<^lE]W*&^DFB K 

7&-e»ii:«<^10 Obit/s NRZ (^ifn^Jt) }g??l^-e^l(j$ 
tbfco v^-^ •/^i5'-Vt:±:^$223-l(D2p^>'i$^A 

[0 0 8 6] i--if-m!^m^i^m sMixh^ fc^ it 

^mm\^. ^S«Cl.2nm«*KRl@pItg3fe:7^/i.^, 

±i*I^4riS:{tib;h./cOFA# 2T'tgJ^c$tbTV^fCo "^T^ 
^tJ^^SiJiBER (t*2/ h • • u- h) x:^ hBt 

fci6{c:ffiv>p5tLfc„ 3tS:{t«<OiE*iSJSftlE-'2 BERT- 
30dBm'Cfcoycio 
[0 0 8 7] [ill 7 A s^X.Xlii^m^^y r ^ 

5^tfi:^^LTi/^^o 150km(7:)^2p:7T-r^<:6-(b-7^®^tL 
^r^SfcfSm (9ps/nm2) gij 

[0 0 8 8] ^ip(7)1310nmSigfb:7r^^<O0.020kraS: 

mi 8 (a) {Z.7r^^t\.X\^^o M«^#fc>^c^lM310nma 
ig{k>^ r /<Ol2kmSrii breoll^ ttfc^03tJS?^coT 
• /^•i5'->'75S|lji 8 (b) (c^^ttri/^So 1310nmS 
mity T ^ y«nm\^m-:fy r ^ ^^c7)39. 4km 

^riiCT^SiH^tt/cf^tcjott^r^ • >'-?i5'-^^;5S|ill 8 
(c) {c::^$ttTV^S3 ^Wl^m^^i:>fj:\^^m^(OT^ 

50 myT^y<(Dmmfzn^m\:^xx\t.mi'^i.^j:\r\ vt^ 
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\z.^ :^2p:7T'<^<<^150kmS:fflCT8b{^i-5#'^{c, IdB 
jeJlT<^0§:ft^^'^!7- • ^^f^'T^ (power penalty) 

[0 0 8 9] \Z\Q^xmWM\\Ly r ^ ^^■%:^M'^'hfz.t^\,'^ 
IE] 2] 7^^0>^<7:)ii*i§§*5j:t>*55^»«fS:7T^^<^*ii 

1^3] ^^m<omm^^^xj^ii^WMmyr-(^<^^m 20 

[0 51 *5IP.^(cJ:§5>tfi:M«7T-r^<igtffc*i-i-:5® 
iff 0ij L T V ^ -5 o 

[0 71 :^^m{cx^^mmmyr><y<^m^M'r^m 

[HISAl *«ig(cj;55>»««:7T>f^^S:tf(-*fi-5 

mmm^(ooi::>(oi^^7jk^y't2 yi^mxh^ . t^^m 

[0101 \yy^'rM^mMm\\z,m^^hfh^4.r^<Diyy^v- 

« 3 f j- ^ X " ^fiJ;: L T V ^ ^ o 
[0111 ^>';^xAj|^SfiaJl(cfflv^e)^^5 4o<Dv-;:^7" -^o 

[0121 v^;:^7^^IIJfe<^'JltC;^v^f?ix5 4o(7)V>^T- 



4*18^6 - 116 2 0 

28 

3{c*3^tsx-l5^^c^^&LTv^So 

[013] v'>^xi^lliSfi?ij2T*fflVNibn^^«fcM«>^r 

[0141 v';^7"A*lfe^j2t?ffli^?>nSv':^xi^S3B 

[015] iy^y^'rJ^'MMm2(Om'^(D\fyV*:^y-* 

[0161 iyy^'rJ^mMm2xm\i^hi\^^^mmmyr 

^ ^<(0'^mn^^^m<o^^yx'h^. 
10171 v^;^7^A||ife^yy2<D5>tfcffi«*tt/cesiy V 
^(Dm:W^m^WiS:<D^^yxh^, 

[0181 ( a ) (^Sl^ik $ tLfc. ( c ) Ji5>«Sc«f»* 
f*ofc. ^LT (b) (^5>«!c*l«Srf*i5<tu^#^Ov^>^ 

7^A^iS<^j2<7)fe^y v>5^{-*3«t5Sm« rr-fj (ey 

e) ^N°^-^^S:*LTV^-5o 
I??-^<^3i?gi 

\ %m 

2 fei^yvr^ 

3 3t:7r-i'/<ii*iS§ (OF A) 

4 ^mmmyr-c^< 

5 «|*PSg 

1 1 ISIOnni^M 
11a 1550nm3tj!l 

12 Bmvi^^ 

1 6 WDM:<7>^^ 

1 7 Ufc:°-i$? 

1 8 WDMj^T'^ 

1 9 WDM;^7>^^ 

2 1 1550nm3tj!i 

2 2 &imyT-(^< 

2 3 OF A 

2 4 ^^tfeM^^T-Y^-^ 

2 5 OF A 

2 6 ?tSF^>'><>'l-i$' 

2 7 1t*0S 

2 8 

2 9 ^tfcffifS:7 T^/^ . 
30 OFA 

3 1 &^^yr^^< 

3 2 OFA 

3 3 ffiiSE:7^yW^ (BPF) 

3 4 ^^W:mmyr^y< 

3 5 «^*P§g 
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